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ABSTRACT 
'.l'he Panamint R ange is a tilted fault-block , uplifted probably in T ertian• 
time a nd rejuvenated by very complex r ecent faulting on the w est. This great 
block is approximately 100 miles long, but t he r econna issan ce geolog ic map cover s 
only a t r act in the southern portion of th e range about 21 miles from north to 
south . The oldest formation consists of a great thickness of undifferentiated and 
'Condensation of a part of a t h es is submitted to the Balch Graduate School of 
the Geological Sciences of the Cali fornia Institute of T echnology. Abstract pre-
sented before the Cordilleran Section, Geological Society of America, April 13 19 29 (Geo!. Soc. Am. B ull ., vol. 41, p. 152, 1930.) ' · 
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regionall y metamorphosed rocks, embracing schists, gneisses, and marble, predomi· 
nantly of sedimentary origin, injected by granitic rocks and cnt by diabase dikes. 
These are overlain by less highly metamorphosed slaty schists and dolomitic lime· 
stones, separated by a nonconformity from a succession of rocks consisting largely 
of limestones, dolomites, and schists. '.!.'he age of the rock formations is unknown, 
but is believed to range from p re-Cambrian to Lower Paleozoic. Strncture within 
the range is not entirely clear and that of certain rock masses is indeterminable. 
The older rocks on the west slope show a westward dip of the foliation, while the 
younger formations, forming the crest of the range and the Death Valley side, dip 
gently eastward. 
FIG. 1. Index map showing location of area (shaded) covered in this report. 
INTRODUCTION 
Object of the Report. 
A twofold project of research in the Panamint Range was under-
taken by the writer in 1926 upon the suggestion of Mr. L. F. Noble. 
In subsequent field seasons, a detailed study of the Panamint silver 
district and a general investigation of the geology of the region, were 
carried out. The report on the economic geology of the mining district 
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has already been completed . In the regional study, petrology and 
stratigraphy were the most carefully investigated fields of geolog_y, 
while the intricacies of faulting marginal to the range, were studied 
only in a general way. This faulting, however, is expected to be the 
subject of further investigations in the general region. The Panamint 
Range is one of the most prominent topographic features of the arid 
region of southeastern California and is one of the characteristic, 
though little known, Basin Ranges of this district . In this connection, 
its form, composition, and structure has especial significance. It is 
the hope of the writer that this contribution may be useful in extending 
geologic knowledge of this interesting desert range. 
Location. 
The area covered by the accompanying r econnaissance geologic 
map, embracing the tract of country that forms the particular subject 
of this investigation, is situated in Inyo County, southeastern Cali-
fornia. Its general geographic position and routes of access are shown 
on the index map (Figure 1) . The area is approximately 21 miles 
from north to south and 24 miles from east to west, and li es between 
parallels 36 ° 00' and 36° 16' and meridians 116° 53' and 117° 15'. It 
contains about 500 square miles and includes a portion of the southern 
part of the Panamint Range. 
The mountains are rather inaccessible especially the eastern side, 
bordering Death Valley. Apart from a few canyon roads on the west 
sid e of the range, the higher parts are r eached only by a few rough 
trails. 'l'he almost deserted town of Ballarat, the only settlement in 
the ar ea, is located at the foot of the range, in Panamint Valley. 
Th e silver-bearing quartz veins of th e Panamint district are of 
chief economic interest. although deposits of gold, lead, and antimony 
also occur in various places in this part of the range. Th e silver ores 
occur for the most part in limestone, but are also found in schist, in 
well-defined fissure veins, of probable Mesozoic age. 
Prev ious Work. 
The publications listed below 2 deal with the geology of this part 
of California. Only a few of them, however, specifically relate to that 
part of the Panamint Range discussed in this report. A paper on the 
geology of the Panamint mining district has recently been published 
elsewhere.3 
2 Fairbanks, H. W., Preliminary R eport on the Minera l D eposits of Inyo, Mono, 
and Alpine Counties. Calif. State Mining Bureau , 12th Ann. Rept., pp. 472-478, 
1894; • • * Notes on th e Geology of Eastern California. Amer. Geo!., v ol. 17, 
pp. 63- 74, 1896; • • • Miner a l Deposits of E astern California. Amer. Geo!., 
vol. 17, pp. 144- 158, 189 6. 
Spurr, J. E., D escripti ve Geology of N evada South of the Fortie th Parallel and 
Adjacent Portions of Cal ifornia. U. S. Geo!. Survey B ull. 208, pp. 200-205, 1905. 
Ball , S. H ., A Geologic R econna issance of Southwestern Nevada and Eastern 
California. U. S. Geo!. Survey Bull. 308, pp. 201-212, 1907. 
Gale, H . S., Salines hi the Owen s, Searles, and Panamint Basins, Southeast ern 
Californ ia. U . S. Geo!. Survey Bull. 580, pp. 312-q23, 1914. 
Noble, L. F., The San Andreas Rift and Som e Other Active F a ults in the 
D esert R egion of Southeast ern California. Carnegie Inst. Wash. Yearbook, n o. 25, 
pp. 425- 428, 1925-1 926. 
Davis, W. M .. The Rifts of Southern California . Amer. Jour. Sci., 5th Ser ., vol. 
13, pp. 57-72, 1927. 
Wolff, John E ., Route of the Manly Party of 1849-50 in L eaving D eath Valley 
for the Coast. Pasadena. The Author, 1931. 
3 Murphy, F. Ml!.c, Geoloe:v of t h e Panamint S il ver District, California. Econ. 
Geo!. , vol. 25, pp. 305-325, 19 30. 
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FIG. 2. Ge ner a l Yiew of t he ea s te r n front of Pana mint Range across Death V a lley, fro m Dante 's V iew in the B lack Moun ta in s. The cliffere nce 
in e levation is from a ppr oximately 250 fee t below sea le\'e l to 11,045 feet abo ,·e. 
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The Panamint Range was probably named by John Lilliard of 
the Darwin French party- a group of prospectors from San Francisco, 
who in May, 1860, set out in search of a mythical silver deposit, the 
'Gunsight lead,' which was believed to have been discovered by the 
emigrant party that was lost in Death Valley in 1850. 
Ack nowl ed gme nts . 
The writer desires to thank his many friends in the area for 
numerous courtesies extended, and to express his appreciation for 
their active interest shown during the progress of the work. He is 
especially grateful to Messrs. F. L. Ransome, J. P. Buwalda, Rene 
Engel, and J. E. Wolff for their kindness in accompanying him on 
short field trips to the region, for suggestions concerning many of the 
problems involved in the work, and for reviewing the manuscript. 
Cl ima te a nd Ve ge t ation. 
In consequence of the considerable difference in altitude there is 
a corresponding variation in both climate and flora between Panamint 
Valley and Death Valley on the one hand, and the Panamint Range 
on the other. The distinction ranges from those exemplified by the 
comparatively well-watered crest of the range, with its substantia1 
timber growths, to the arid valleys with their scant growth of typical 
desert plants. 
In the valleys the air is relatively dry throughout the year, the 
winters are moderately cold with occasional light flurries of snow, and 
the period from June until October is usually oppressively hot, both 
clay and night. The mean summer temperature for Death Valley is 
about 96 ° Fahrenheit. In 1913 the United States Weather Bureau 
station at Furnace Creek (Greenland ) Ranch, altitude 178 feet below 
sea level, recorded a shade temperature of 134 ° Fahrenheit. 'l'his is 
the highest officially reported natural shade temperature in the world. 
The mean winter temperature, as registered over a period of many 
years at the Furnace Creek Ranch, is about 60° Fahrenheit. Over a 
long period, the annual average precipitation for Death Valley is 
about 1.5 inches, but it is approximately twice that amount in Pana-
mint Valley. 
In the upper reaches of the Panamint Range, the winters are 
moderately cold; summer days are warm and the nights delightfully 
cool. It would be extremely difficult to estimate the precipitation in 
any considerable part of the Panamint Range, but it is of course very 
largely in excess of the precipitation in the adjacent valleys. The snow 
line rarely falls below an elevation of 6000 feet, although there are 
occasional exceptions. Cloudbursts and local excessively heavy rains 
occur both during the summer and winter. 
'rhe vegetation of the Panamint Range is typical o~ that of the 
higher desert ranges generally. Three distinct zones of plant growth 
can be made out. The lowest occupies the valleys on either side of 
the range and the desiccated slopes up to an altitude of about 6500 
feet. The sparse vegetation of this zone includes Creosote Bush 
(Larrea tridentata var. glntinosa). The second zone is the lower half 
of the conifer belt and extends to an altitude of about 8500 feet. It 
is marked by the Desert .Juniper (Jnniperus californica var. ntahensis ) 
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and the Pinon Pine (Pinus cembroides var. rnonophylla) while common 
shrubs occurring in this region are: Mexican 'l'ea (Ephedra viriclis), 
Cliff Rose ( Cowania rnexicana var. stansburiana), and Common Sage-
brush (Arteinisia triclentata). 'l'he third zone is the upper conifer 
belt and extends from 8500 feet to the highest peaks and ridges of the 
range. 'l'he important representatives include the Limber Pine (Pinu~ 
fi exilis ) and the Hickory Pine (Pinus aristaJa) with an occasional 
Sierra Juniper ( Junip erus occidental is). Other shrubs are: Desert 
sweet ( Charnaebariaria inillifolimn), Small-leaf Mahogany ( Cercocar 
pus intricafas) while Mountain Mahogany (Cercocarpus ledifoliics) is 
conspicuous as a shrub or tree. 
BROAD TOPOGRAPHIC AND PHYSIOGRAPHIC FEATURES 
The Panamint Range occupies a commanding position, forming 
the west wall of Death Valley and the east wall of the somewhat 
smaller, but very similar, Panamint Valley. It is about 100 miles long 
and extends from latitude 35 ° 35' N. to 37 ° 00' N. 'l'he line of demar-
cation between the Last Chance Range on the north and the Panamint 
Range on the south is not sharply defined. On the south the range 
terminates at Leach trough. It has a dominant north-northwesterly 
trend but the part of the range with which this paper is concerned, 
substantially parallels tlie meridian and averages about 18 miles in 
width. The rather sharp crested ridge, which marks the axis of the 
range and averages approximately 9500 feet above sea level, gTadualJ~r 
culminates with commanding eminence in Telescope Peak, altitude 
11,045 feet. From the sea level contour line in Death Valley to the 
summit of Telescope Peak, the average grade is 1000 feet to a mile 
for a horizontal distance of 11 miles. 'l'his steep acclivity is perhaps 
only exceeded in the United States by that of San Jacinto Peak in 
southern California. '!'hough the east slope of the Panamint Ranf('e 
is therefore abrupt and rugged, it is less precipitous than that of the 
west flank. 
The range is scored by a considerable number of great canyons, 
spaced at fairly equal intervals and extending generally normal to 
the trend of the range. These are separated by long rather even-
crested ridges. The canyons are notably steep and rugged. with walls 
in some places rising vertically for hundreds of feet. This is especially 
true of canyons on the west side of the range. Locally they are mere 
slits in bedrock, and a few of them contain falls. The grade of the 
canyons on both flanks of the range average generally from 15 to 18 
per cent. 
On the east side of the range the contact of bedrock and alluvium 
is sinuons while on the west side it is relatively rectilinear. The heads 
of the alluvial fans on the west side of Death Valley attain a height 
of about 2000 feet above the playa, which nestles below the steep west 
escarpment of the Black Mountains. 'l'hese lrnge fans coalesce to form 
a belt averaging four miles in width along the east base of the Pana-
mint Range. The piedmont belt is broadest in Death Valley opposite 
Dante's View (Figure 2) but diminishes in breadth farther to the 
north. On the east side of Death Vall ey playa, the alluvial fans flank-
ing the Black Mountains are very small in comparison with those 
described above. They are, moreover, formed of fresh materials in 
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contrast to the decomposed rock debris of the fans on the west side. 
In Panamint Valley, which resembles Death Valley, the playa hugs 
the small alluvial fans to the east, along the base of the Panamint 
Range, \vhile to the west of the playa long alluvial slopes rise to the 
flanks of the Argus Range. 
Although mudflows have occasionally contributed to the formation 
of alluvial fans, the field evidence observed in this arid region has 
led the writer to consider that they are of minor significance as agents 
of erosion. A mudflow of considerable magnitude occurred in Surprise 
Canyon late in the afternoon of July 26, 1917, occasioned by a cloud-
burst near the head of vVoodpecker Canyon, a north branch of Surprise 
Canyon. According to the only living witness of the flood, the water 
was 40 feet deep in the 'Narrows' of the canyon and the road was 
lowered 12 feet below its original level for a distance of about one 
mile. Like many of the mudflows described by Blackwclder,4 the 
Surprise Canyon flow is characterized by preponderance of boulders. 
Its recency is indicated· by absence of streamlet channels on its surface. 
It could not be ascertained how far the large fresh boulders, incorpo-
rated within the mudflow, were carried at the time of this flood, but 
in view of their well-rounded condition, it seems permissible to assume 
that most of them were not transported directly from their sources at 
the time of the flood. Trees up to 2t feet in diameter, however, were 
moved many miles down the canyon and were partly or completely 
buried in the layer of mud and rocks which covered the former surface 
of the fan. Th e present lobate layer of bouldery mud is 2 feet thick 
at its margin and covers roughly 10 per cent of the present fan area. 
Cutting· by streams in the canyon below the mudfiow surface varies 
widely from place to place, r eaching a probable maximum depth of 
15 feet. How much of this figure may represent dissection immediately 
after the flow of mud and rocks, can not of course be estimated but it 
mny have been considerable. 
Remnants of an old erosion surface are preserved in this part of 
the Panamint Range, like those previously noted by Ball 5 in the area 
farther to the north. Ball further mentions the existence of similar 
old topographic forms on the Knwich. Amargosa, and Belted ranges. 
F erguson 6 found a similar topography on the 'l'oquima Range. Mein-
zer 7 reported similar topographic forms on the Toyn be Range and 
Buwalda 8 described the occurrence of an early old-age topography on 
Cedar Mountain. Although vestiges of subdued topography are every-
" ·here present on the western slope of the Panamint Range, the belt 
vnries considerably in width and in degree of topographic development. 
Tn the south ern part of the range the lnrgest remnant of this old land 
surface is represented by the peculiar depressions known as South 
Park and lVIicldl e Park, which lie at an elevntion of nearly 6500 feet, 
and are drained westward through South Park and Middle Park 
•Blackwelder. Eliot, Mudflow as a Geologic Agent in Semiarid Mountains. 
Geo!. Soc. Am. Bull., vol. 39, pp. 465-484, 1928. 
'Ball , S. H., A Geologic Reconnaissance in Southwestern Nevada and Eastern 
Cal ifornia. U. S. Geo!. Survey Bull. 308, pp. 16-17, 119, 161, 202, 1907. 
° Ferguson, H. G., Geology and Ore Deposits of the Manhattan District, Nevada. 
U. S. Geo!. Survey B ull. 723, pp. 61-62, 1924. 
7 Meinzer, 0. E., Ground water in Big :Smoky Valley, Nevada. U. S. Geo!. 
Survey Water-Supply Paper 375, p. 90, 1915. 
• Buwalda, J. P ., Tertiary Mammal Beds in \ Vest-Centra l Nevada. Univ. Calif. 
Pub!., Bull. Dept. Geo!. Sci., vol. 8, pp. 358-359, 1914. 
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Canyons. Similar topograph>· characterizes a large area north of Wild-
rose Canyon, in which the drainage divide lies somewhat south of the 
center of the area. The country south of the divide is drained into 
Wildrose Canyon and Panamint Valley, whereas to the north the drain-
age is through Bmigrant Canyon into Death Valley. Owing to the 
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THICKNESS IN FEET 
Death Valley formation Unknown 
Hanaupah formation 1500± 
Redli:!nds dolomitic limestone 600 ± 
Radcliff formation 600 ± 
Sentinel dolomite JOO 
Wildrose formation 500 ± 
Mountain Girl congl.-quarhite 65- 100 
'----- DISCONrORMITY(f)--------' 
Middle Pork formation 300 ± 
Sour Douoh limestone 50-60 
Surprise formation Unknown 
'=>1 NONCONFORMITY-
5urprise formation Unknown 
Vne+amorphic conglomerate, slate, 
phyllite, quor+;sericite schist, 
metamorphosed sandstones, etc.) 
Marvel dolomitic limestone Unknown 
r/-::_~ l PROBABLE UNCONFORMITY-------! 
Panamint mefc:lmorphic complex Unknown 
(gneisses, schists , mar-ble, limestone, 
·q_uor+Ji+e, etc.,injecte'd by gronitic rocks 
ond cut by diobose dikes) 
~N ~~ ~ ..J ~~ 
(j~ ~~I r~:~ ~'I 
FIG. 3. Gener a li zed columnar sectio n of rock formations in the sou thern part of the 
Panamint R a ng e. 
absence of Tertiary volcanic rocks in the area studied, this old erosion 
surface can not be definitely assigned to any particular age, although 
it is undoubtedly a counterpart of oth ers described in the Basin Ranges. 
many of which have been considered late Pliocene in age . 
• 
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STRATIGRAPHY AND PETROLOGY 
Summary of Stratigraphic Relations. 
Although sedimentary, metamorphic, and igneous rocks are all 
represented in the area under consid eration, the dominant types range 
from highly metamorphosed paragneisscs and paraschists to less greatly 
altered argillites and limestones. The oldest formation consists of a 
considerable thickness of undifferentiated and regionally metamorphosed 
rocks embracing schists, gneisses, and marble of likely pre-Cambrian 
age. The overlying formations, which appear to be separated by an 
unconformity, are for the most part less strongly metamorphosed and 
consist chiefly of dolomitic limestones and slaty schists. 'l'hough the 
ancient crystalline rocks are intensely folded and no regular strati-
graphic sequence was recognized, the unconformably overlying forma-
tions making up the crest of the range and the eastern slope, dip rather 
g·ently eastward. 'l'hey consist largely of dolomitic limestone, schists, 
slates, argillites and intermediate facies. Owing to the short time 
devoted to the study of the Death Valley side of the range, the order 
of superposition of the various stratigraphic units was not completely 
dete rmined. In consideration of their lithologic character, these rocks 
are believed to be of J.Jower Paleozoic age. It has not yet been possible 
to correlate any of the rock formations in this part of the Panamint 
Range with other sections in the general region, and for this reason new 
l"ormation names are here applied. (Figure 3.) 
Panamint Metamorphic Complex . 
Distribution and General Features. 
'l'he name, Panamint metamorphic complex, is applied to a series 
of metamorphic crystalline rocks, presumably in large part of sedi-
mentary origin, which occupies a large area in the southern part of 
the Panamint Range. The prevailing types include biotite-muscovite-
q uartz schist, quartz-muscovite gneiss, biotite-quartz gneiss, actinolite-
biotite-quartz schist, marble, and limestone. The only metamorphic 
rncks of known igneous origin are sheared granite gneiss and hornblende 
schist. These rocks have been injected by granite and aplite and cut 
by diabase dikes. 
Gneisses and Schists. 
The predominating rocks of the complex are gneisses and schists in 
"·hi ch there is much variety in coarseness of crystallization, cleavability, 
and megascopical appearance. 'l'he several intergrading facie. vary 
\Yidcly in composition and texture from true gneisses and schists with 
well-marked foliation, to less highly metamorphosed impure quartzitic 
rocks, with foliation hardly perceptible. Inasmuch as the formation 
contains many gradations between coarse gneisses and finer grained 
banded schists, any description of one variety would not be entirely 
applicable to another. The following minerals have been identified in 
these rocks, and occur in various proportions: quartz, muscovite, biotitc, 
microcline, plagioclase (generally al bite ) , orthoclase, microcline-
perthite, actinolite, hornblende, epidote, augite, zoisite or clinozoisite, 
magnetite, titanite, apatite, and zircon. 
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Briefly, these ancient rocks are so completely crystalline and have 
been so greatly metamorphosed, that little trace r emains of their 
original components, whether of sedimentary or of igneous origin. 
In certain rock masses ther e is definite indication of former bedding. 
In others this is wholly lacking. 'l'he controlling factors are the type 
of the original rock, the extent of folding, and the degree of meta-
morphism. The marked change in composition from place to place as 
well as the lithologic variation across apparent "beds" which range 
from mere laminae to massive bands, suggests a sedimentary series. 
Certain lenses and layer s are in places found to be parallel to the 
bedding at contact with other rocks of the series where the alternation 
of material shows which of these is the plane of stratification. H ence 
FIG. 4. An exposure of c losely sheeted marble in Surpri se Canyo n. 
such lenses can be provisionally accepted as indications of stratifica-
tion elsewhere. Furthermore, in places sheared quartzite pebbles, not 
completely destroyed by metamorphism, indicate the presence of 
original conglomeratic material. 
Under the microscope the manifestation of extreme shearing is 
the most conspicuous feature of the rocks. This shearing is in a far 
more advanced stage in some parts of the same rock mass than in others. 
Severe cataclast ic effects are everywhere evident which have resulted in 
the obliteration of original features. In most of the sections examined 
it was not possible to r ecognize the r emains of detrital material, 
although rounded elastic grains of zircon and quartz were observed. 
Quartz prepond erates over all other mineral constituents. 'l'his is 
particularly true of the assemblage quartz, muscovite, and biotite. 
Calcic minerals are generally absent. These features are strongly 
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suggestive of th e derivation of the rocks from ql1artzose sediments. 
Further, the association of these rocks with beds of limestone and 
marble, and their similarity to metamorphic rocks of known sedi-
mentary origin, str engthens the view that the series as a whole 
Grig inally consisted of sediments. 
Limestone ancl Marble. 
J\fany of the limestone bodies occur near the west base of the 
range. 'l'hey are varicolored but often light-brown to buff on weath-
ered surfa ces and of varying degrees of crystallinity. Intercalated 
schist lenses are not uncommon. The limestones are genera ll y contorted 
and irregularly banded, li ght and dark. 'l'h cy are always impure and 
cher ty, and in most exposures finely speckled with sericite. 
Extensive areas of dolomitic marble occur in several localities . 
The rock is massive, fin e to medium-grained, \rhite to grayish-white 
11·here fresh, and buff to light-brown, wh er e weathered. Th e rock is 
frequently characterized by irregular lenti cular dark streaks prob-
ably composed of carbonaceous matter. Sericite and bladed tremolite 
are common megascopic constituents. 'l'he latter is particularly notice-
able along shearing planes. Figure 4 shows the close sheeting of 
marble in Surprise Canyon. 
Shearecl Grnnite Gneiss. 
The largest body of an original igneous rock within th e Panamint 
metmnorphic complex is a shear ed granite gneiss 'Which forms an 
irregular strip of country near the west base of the range. '!'here is a 
µ·encra l uneven distribution of gneissic structure. The development of 
foli ation is more marked in some parts of the rock mass than in others, 
but the rock is neve r massive. Metamorphism, however , has not pro-
ceeded far enough to obscure its original igneous texture. 
The rock is white to gray in color, notably fresh, and in its most 
typical form is a coarsely banded gneiss, composed of feldspar, quartz, 
muscovite, and more rarely biotite. The most conspicuous feature of 
the rock in thin section under the microsco pe, is the mani fes tation of 
extreme shearing. The peripheral shattering and granulation of the 
large grains has given rise to typical morta r structure of the irregular, 
interlocking and dovetailing granules. The large feldspars are gen-
erally microcline, with whatever crystalline boundary they may haYe 
once possessed obliterated by the great mechanical changes they have 
nnclergone. Evidently unmixing during metamorphism has r esulted 
in bl ebs and streaks on th e feldspars which prove to be albit e. In 
<1cld ition, shearing has produced a very pronounced pressure twinning 
of the original feldspar crystn ls as well as marked undulatory extinc-
tion. Other primary minerals are orthoclase, albite-oligoclase, and 
muscovite. Secondary minerals are muscovite, sericite, chlorite, and 
magnetite with frequent variations in the proportions of these. 
W orlcl B eater Po1'phy1'y (porvhyritic granite) . 
This rock forms a roughly quadrangular area of about 6 square 
miles, and stretches from Pleasant Canyon to Happy Canyon. The age 
relations of this mass to the other rocks of the complex are not entirely 
clear . It is not always easy to draw a definite contact between the 
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porphyritic granite and the quartz-biotite gneiss 'vith which it is in 
contact on the west. There is a possibility that the granite and the 
gneiss grade into each other, and if this be true, the intergrndation is 
probably a result of absorption of the gneiss by the granite when 
injected. The granite is provisionally regarded as pre-Cambrian. 
The porphyritic granite is a coarse-grained gray rock, brownish 
where weathered , containing fair-sized phenocr.Ysts of potassium frld-
spa rand smaller ones of plagioclase, and in addition biotite, muscovite, 
ancl abundant quartz. 'l'he rock is decidedly gneissic in places " ·ith 
Yery irregular streaks of biotite alternating with siliceous streaks con-
taining little or no feldspar. This is especially true near the borders 
of the mass. Under the microscope the rock exhibits considerable 
Vic. 5. J-Iornblende diabase dike cutt ing aplite, Tl1 e 'Xarro,vs, Surprif3e Canyon. Th e 
clike has a wiclth of about si" feet. The walls of the canyon rise Yertica!Jy 
for se\'era l huncl1'e<ls of fee t at this p o int. 
cataclastic effects. Moreover, these effects vary considerably in magni-
tude in the few sections examined. 'l'he most si!!nificant feature is the 
t-remcnclous shattering of the grains and the s1;bsequent cl evdopment 
of biotite, quartz , albite, and muscovite. The feldspars have been 
given a mieroperthetic effrct due to prominent streaks and bl obs. 
'l'hcse have probably r esulted from unrn ixing during mctamorph ism. 
and their index of refraction "·oulcl indicate a lbite. Al bite also occu ri,; 
as a filling around primary orthoclase and mieroclin c. 
Aplite. 
As dikes and irregular masses, aplite invades the rocks of the 
complex and attains some local prominence. These aplites are probably 
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pre-Cambrian in age and may or may not have been intruded prior to 
the regional metamorphism of the complex. 'r11e comparatively slight 
.~Tanulation in them and the lack of metamorphic minerals might 
indicate a later and feeble dynamic metamorphism. 
'l'he typical aplite, as exemplified by the large intrusive body in 
Surprise Canyon, is snow-white in color and notably massive with 
megascopic feldspar, quartz, and muscovite. The microscope r eveals 
a medium-grained hypidiomorphic granular aggregate of oligoclase-
albite, orthoclase, quartz, microcline, and muscovite, named in descend-
ing order of abundance. The rock is rich in quartz in both small and 
large grains, but the small er grains are secondar~r anfl arranged in 
typical sutured texture. 'l'h e large quartz grains show str ong to mod -
erate undulatory extinction. Dark minerals are wholly lacking aside 
from sporadic crystals of biotite. Apatite is an accessory mineral. 
Diabase. 
Diabase dikes and more rarely sills, occasionally occur, cuttin g 
the gneisses, schi sts, and granitic rocks of the P anamint metamorphic 
complex. In som e places they occupy zones of fissuring or jointing, in 
others they are injected along the planes of schistosity ancl as such 
generally strike north and clip west from 45° to 70°. One of these 
dikes, cutting aplite, is shown in Figure 5. Striking contrast is shown 
bebreen the unusual aplite, snow-white in color, and th e dark-green 
diabase, filling a fissure or joint. 
The d iabase is an aphanitic, fin e to medium-gTained 1:ock. :l\Iicro-
scopically, it consists essentially of augite and labradorite, but in a 
fe \\· clikes green hornblend e is an important constituent, paramorphic 
after a brown to yellow pl eochroic variety approaching barkevikite. 
'l'he min erals are panicliomorphic with medium-crystallin e ophitic 
aµ·gregates in which the usual place of augite is more rarely taken by 
hornblend e. Crystals of olivine, largely altered to serpentine, are occa-
sionally noted. l\iagnetite and biotite are accessory min erals. 
Origin and Striicfitml F eatures . 
Although th e sequence of intrusions is, for the most p::irt, unsolYed 
by this reconnaissance, it is apparent that the igneous rocks are not all 
of the same age. Though intrusive granitic rocks have played their 
part in local folding ancl recr~' sta lli zation, yet the dominant process 
serms to have been more regional in character, occasioned by deep 
burial and mountain-making forces. A general un even distribution of 
gn eissic structure is r ecognized. N eYertheless, it appears that th ere 
has been a more or less uniform r esult produced by metamorphism m 
ori ginally dissimilar rocks. 
Structure within the complex is not entirely clea r and that of 
certain rock masses is indeterminabl e. SecondarT st ructures haYe 
mad e it impracticable to recognize an.v reg·ular stratigrap hic sequence, 
and th e hi ghl y crumpl ed condition of many of these rocks. sel'iousl~· 
hampers any attempt to unravel their probable complex structural 
h iston ' . The irre\rnlarity is perhaps partly original. Several schist 
and limrstone bodies occur in great lenses, which thin to the north and 
suuth. The dominant trend of th e foli ation in any of th e schist and 
gneiss areas of any considerable size, is northward and the dip , from 
342 JU<.;PORT Ol<' STATE lVllNE RALOGIST 
45° to 70° 'restwarcl , but considerable deviation from this trend and 
attitude was seen in other parts of the area. In smaller masses, the 
;;trike and dip of the schistose cleavage is often quite variable. lt 
would appear that more often th e schistosity is approximately parallel 
\\"ith " ·haten'r larger banding, due to differ ences in composition of the 
rocks, may be discernabl e. 'fhis would be accepted as an indication 
that the schistosity is roughly parall el with the OL'iginal bedd ing plan es 
of the rocks. However, more detailed 'rork would be necessary to 
substantiate this view. 
The age of t his assemblage of rocks is unknown. It is suggested, 
ho"·eycr, that a highly brecciated ancl crumpled limestone occupying 
F1a. 6. Loo king north fron1 a point in }{all Canyon about five 111iles fron1 its n1outh, 
showing lenticular a nd interbedclecl characte r of 1·ocks of the Panan1int 
m etamorphic com plex. The light r ock is marbl e and the da r k, mica and 
a c tinolite schists. 
a large lenticular body near the west base of the range, locally bears 
elose litl1ologic similarity with th e Eldorado limestone (formerly called 
"Prospect l\Iountain limestone") of Cambrian age.0 1t is very improb-
able that any of the r ocks are younger than Cambrian . In view of the 
fact tl1at th ey are large]~- coarse-textured gneisses and schists, it seems 
logical to regard them as pre-Cambrian. 'l'h e fact that the rocks are 
regionally metamorphosed and in places intensely fold ed, would tend 
to strengthen such a conclusion. 
' I-I.ague. Arnold , Abstract of H.eport on lh c Geology of the l!:urc ka Distr ic t. 
U.S. Geo!. Sun·ey Third Ann. H.ept., pp. 25:J, 254, 1 883 . 
\\.,.,.a lcott, C. D., Cambri a n C 0 olog·y and 1-'a lcontol o.t.;·.v. Xo. fi: Cambrian Rec-
li ons of lhe Cord ill e ran Area. Sm ithsonian Misce ll. Coll. No. 1812, vVashington, 
p. 1 84, 1908. 
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P robab le Un co nform ity. 
It is here suggested that an unconformity separates the rocks of 
the Panamint metamorphic complex from the Marvel dolomitic lime-
ston e and the Surprise formation, although no direct evidenc<il to sup-
por t this supposition was obtained. It is difficult to separ ate the rocks 
into distinct groups. Their relations have not been closely studi ed and 
awa it interpretation. Th ere exists, however, a strikin g contrast 
between the highly metamorphosed coarse-textured gneisses and schists 
with well-developed foliation, and are locally intensely folded, and the 
apparently younger formations composed essentially of fine-textured 
slaty rocks that are probably less hi ghly folded. ·when two series of 
rocks occur together, one of which is more crystalline, more intensely 
folded and more highly metamorphosed than the other, it is a legitimate 
supposition that the former is older than the latter and is separated 
by a change in dynamic conditions. This assumes that the two series 
of rocks are of comparable susceptibi lity to metamorphism. 
Marve l Dolom it ic L im eston e. 
'rhe Marvel dolomitic limestone, named from a branch of Surprise 
Canyon in which region it covers a prominent area, is e sentially a 
light bluish-gray cherty rock of varying degrees of crystallinity. 
Tremolite and muscovite are abundant, an unusual fea ture in a lime-
stone not very highly crystalline. 'rhe bedding is greatly contorted in 
some places and th e rock decidedly schistose. Furthermore, it shows 
irregular mottling, clue to brecciation. Suggestions of fine lines of 
stratification can occasionally be noted in fragments making up the 
mottled breccia. A partial chemical analysis of crystallin e unaltered 
material gave the following results: CaO - 31 <;'c, MgO - 20 % . 
The contact of the Marvel dolomitic limestone with the overlying 
Surprise formation is nowhere sharply defi ned and at no place can be 
called a normal depositional contact. Ther e is usually a gradation 
from a true limestone to a true schist for a distance of from 5 to 30 
feet. The lim estone simulates an intrusive r elation to the schist, which 
suggests a squeezin g into the less competent layers of the overlying 
Surprise formation. 
'rwelve separate areas have been distinguished in the reconnais-
sance mapping of this formation. 'rhe irregular shape of these lim e-
stone areas is probably due to a combination of several ca uses. Th e 
fact that in some places the formation contains interspersed irregular 
but gen erally lenticular beds of schist, indicates that th e deposition 
of the limestone was an interrupted process. 'rhe several areas repre-
sent infolded portions of the Marvel dolomitic limestone which wer e 
probably deposited either as a single lens or as a seri es of lenses. Then 
fol lowed intense compression and complex folding to such a <legree 
that bedd ing was almost wholly obliteratecl, and conseq uently the struc-
ture can not be determ ined. With the subsequent planin g-off by 
eros ion of all the upper parts of the folds and th eir truncation down to 
the level of th e presen t surface, it is possible to visualize the shape and 
distribution of these irregular areas. In many r espects, th er efore, these 
limeston es are analogous to those of the Calaveras formation of the 
Sier rn Nevada, Cali fornia, and the Zanzibar lim estone of th e :i.'.b1!1nat-
344 REPOR'r OF S'rA'l'E MINERALOGIS'l' 
tan district, Nevada. In a few places where bedding has been r ecog-
nized, dips up to 45 ° ·were measured. 
All traces of organic structure have been destroyrd. Near the 
south base of Sentinel P eak. the lim estone is nrncle up of oolite-like 
nodules, which closely resemble those of an Ordovician limestone from 
the Inyo Range, Californi a. 10 In th e absence of di agnostic fossi ls, 
the age of the rock is unknown. Ten tntive assignment to the I.Jower 
Paleozoic has been rnacle largely on lithologic ground s, particular]~- the 
mottled appearan ce, high magnesium con tent , and the intensely fo lded 
and often schistose condition of the rocks. 
Fie. 7. View showin g deta il s of conglon1erate schi st \vith in tl1e Surprise formation, 
Panamint mining d istl'iCt. ::\lost of the frag1ne nts a r e lin1estonc but there 
are so n1 e of q ua rtzite. lHany or the limestone bou lde rs a re thernsel\·es con-
g lon;e ra tic a nd most of the m luwe been sheared. 
Surp r ise Form a tion . 
Distrib ution and General F'eat?tres. 
1' 1i e name, Snrprise formation , is given to a series of preclomi-
nantl_,. fine-textured flaggy or slaty rocks which occupy an il'l'egTtl ar 
strip of country on th e western side of th e range. 'l'h e most signifi-
cant feature is perhaps the large nnrnber of r ock types r epr esrntecl. 
and th ere is in consequence a marked change i 11 compositi on from i1l ace 
to place. Owing to their fin e-g-rained, compa ct character, few min r rals 
can be identified by the unaided eye. '!'hough nncletermin abl e meg·a-
scopically, these rocks show rather complex characteristics reacl il» 
apparent in thin sections under the mi cr oscope, and thr cla ssifirnt i0n 
1o M:i.te r ial co ll <'c l ecl by Dr. ,V. P. 'Voodring. 
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of the various facies rests entirely with the microscope. Although most 
of the rocks are schistose to a greater or lesser degr ee, this feature is 
not ahrnys marked in the hand specimen and many of them are rather 
m;cissiYe. The prevailing rock types are: conglomerate schist, actinolite 
schist, ottrelite schist, quartz-sericite schist, slate and phyllite, quartz-
biotit e-tourmaline schist. metamorphosed sandstones and grits, and a 
relatively few interstratified irregular beds of brown limestone. 'l'here 
exist, however, all gradations and combinations of the above very gen-
eralized varieties of rocks making up the Surprise formation. 'I'he 
following mineral s have been identified in thin sections: quartz, biotite 
(brown and green ) , sericite, muscovite, actinolite, carbonates, chlorite 
(one or more varieties ) . hornblende, rutile, titanite, epidote, apatite, 
tourmaline, clinozoisite or zoisite, ottrelite, staurolite, magnetite, kaolin, 
i1lagioclase, pyrite, anclalusite (?), carbonaceous matter , and obscure 
alteration products. 
Conglomerate Srhist. 
A l;cirge part of the Surprise formation, is made up of a type of 
rnck \\·hich may, with almost equal propriety, be termed either meta-
morphic conglomeratr, conglomerate schist, or more rarely conglom-
erate slate. 'J'he pebbles and boulders v;ciry wid ely in size. with a 
maxim nm of 4 feet in cliarneter. 'l'hey are al ways ill-sorted (Figure 7 ) . 
aml alth ough subangular to angul;cir fr;cigments occur, th e generall >· 
\\"ell ronnc1ec1 elongated forms Rre more conspi cuous. They are of 
q11Rrtzite and of limestone and Yerv rnrelv of g:ranitic material. In 
some nl;:ices limeston e fragments predominate, and ;cigain those of 
qnartzite ma>- constitute th e bnlk of th e fragments making u11 the rock 
in a given outcrop. Many of th e limeston e bonl clers :ire th emselves 
congfomeratic ancl most of them have been sheared. 
'l'he red to brown or bla ck cementing medinm is wholly meta-
morphic :i nd although it v:iries somewhat in composition from place 
to place. it is g·enerally a combin:ition of scricitr, biotite. muscovite. 
fi nel.\· inter] ockin g grains of secondar y quartz. and some calcite. Mag-
netite ;cirnl pyrite are usually abundant. 
Slate anrl Phy7lite . 
Sl;cite and phyllite are common members of the Surprise formation. 
hut o\\·ing to th-e gT:icl:itions in the series, they are here treated together. 
Tn color thev ar e dark grfly or black. bnt on weathered outcrops have 
;ci more or iess rn stv appearance. The texture is fine and compact 
thrnng·l1out. :i ncl the. beclcling is commonl)· m;:irked by a fine deli cate 
bnncling. 'l'hese rocks generally exhibit :i slatv clewv:ig·e that is clistinct 
bnt n em·l~· eYrrywhere less pronounced than the slrnl y parting. which 
plaYs th e rlominant part in the disintegration of th e r ocks. Micro-
sropira ll.\' . th e slate ;incl plw llite are rn:icle 1m of irreg·nlar anrl gen eral]~' 
rlcrng·n1erl gTains of quartz emberld rcl in a finr-tt>xtnred nrntrix of 
sr rieitr ancl other inclrterrnin:ible impure rniraceons materials mingl ed 
"·ith minute opacp1e p nrti cles. commonl y mag·netite ;:inrl n yrite. The 
sch istost> strn ctnre is well shown h» tlw :i1T:ing·emr11t of' tl1P elong·atecl 
a1Hl r ao·g·ed shrrcl s of st>ri citr in :i common clirt>ction inclined to th e 
planrs ~f stratifi cat ion . Ht>cr~·st;:illizf!tion lrns resnlierl in the oblitera-
tion of primary features. 
FIG. 8. Vi e\v looking north a cross Surprise Canyon, Pana mint niining distri ct. a, ~Ia rve l dol on1!tic li1nestone; b, Surprise f orm a tion ; c, 
Little C hi ef Porph~-ry (granite porphyry), h e r e fo rming the crest of the range. Th e \\"hite band in the background is Sentinel dolo-
mite, a conspicuous m a rk er. 
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Ottrelite Schist. 
In a few specimens a little ottrelite was found, and at several 
localities this mineral occurs in such quantity that the rock must be 
called an ottrelite schist. In color the rock is olive-green, with a silvery 
satiny luster on fresh fracture, and clotted with numerous dark-green 
oblong plates of ottrelite. In thin section, the porphyroblasts of this 
mineral occur in comparatively large crystals and sheaf-like forms 
embedded in a schistose matrix of sericite, quartz, and biotite. Ottre-
lite is arranged transverse to the foliation , thus indicating that it was 
developed subsequently to the structure produced in the dynamic meta-
mol'phism of the rock. Frequently the mosaic of quartz grains of the 
matrix, penetrates or cuts across ottrelite crystals, while the sericite 
of the matrix was absorbed by the ottrelite during its crystallization. 
JJI etainorphosecl Sandstones ancl Grits. 
The arenaceous rocks which predominate in the Surprise forma-
tion are not uniform in their megascopic appearance from place to 
place, but are generally fine-textured, rather massive, and gray to 
brown or green in color. 'l'hese rocks are found by microscopic study 
to be composed essentially of detrital grains of quartz, which show 
littl e uniformity as to either size or shape, completely cemented by 
confused aggregates of nmnerous metamorphic minerals. In some 
sections the elastic quartz grains are rounded, in others they are 
subangular to angular, and in still others round and angular grains 
are equally represented. There is usually no definite arrangement 
of grains, and the sizes vary widely in even a single section. The 
complex metamorphic filling is generally a combination of sericite. 
mnscovite, biotite, calcite, and secondary quartz, with actinolite, clino-
zoisite, tourmaline, plagioclase, magnetite, titanite, and rutile occurring 
in various proportions. 
Other Rocks. 
Other parts of the formation are characterized by dark-green 
knotted schists, some with spots of biotite, and others with numerous 
dark elliptical areas of complex mineral aggregates. In another type 
acti nolite is abundant, although this mineral is very seldom detected by 
the unaided eye. Fine-textured gray to brown quartz-sericite schists 
and quartz-biotite-tourmaline schists are not uncommon in the Surprise 
formation. Rarely thin beds of brown siliceous limestone occur, and 
locally the formation is cut by narrow dikes of granite, pegmatite, and 
hon1blencle diorite porphyry. 
Origin and Structttral Features. 
The Surprise formation is a rather monotonous assemblage of fine-
textured schists and slaty rocks in which it is difficult to single out 
any clistinctiYe members. 'l'he mineralogical composition is not constant 
qualitatively and quantitatively, and often is very complex, as seen 
in thin section under the microscope. Nearly all traces of primary 
srdimentary characters which the rocks may have once possessed are 
now largely obliterated. In some sections cletrital quartz grains have 
been noted. in others thr remains of detrital material are wholly lacking 
and the rocks entirely recrystallized and reorganized with crystallo-
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blastic textme. Moreover, some are typically cataclastic and dynamic 
action is eYinced in the pel"ipheral shattering of tlte larg-er grains 
giving rise to poorly defined mortar structure and marginal reaction 
effects. Although th e detrital quartz grains are ill-sorted and yary 
widely in size and shape, nevertheless the material may Jiaye been 
uniform in distribution originally. 'l'hough bedding is not often seen. 
in pl;:iccs the original sedimentary structures are still visible and there 
can be no clonbt as to th eir original sedimentary character. It ma~· 
thns be regm·clrd ;:is a metarnorphosrcl series of sandstones, grits. shales. 
and conglomerate, intercalated with thin limestone beds. 
, \Jthough in general the sehistosity of the rocks strikes north and 
commonly clips at high angles, yet the angle between directions of 
FIG. 9. Th e T elescope group of rocks as seen from a point in Hall Canyon. T ele-
scope P eak at the extrem e left is 3500 fee t above the obsen·er. 
schistosity and heckling varies widely from place to place. Frequently, 
the schistosity is normal to the contact of the Surprise formation with 
the Mancl dolomitic limestone. 'l'he Surprise formation contains r ocks 
of various kinds, but folding, faulting, and metamorphism have macle 
it impracticable to r ecognize any regular stratigraphic secrnence. 
T e lesc o pe G roup . 
General Statement. 
The names of the eight members which comprise the Telescope 
group of rocks, together with their thicknesses and the order of their 
succession. are graphically summarized in the accompanying columnar 
section (Figure 3). The names of these formations are derived from 
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geographic terms used in this part of the Panamint Range. The sec-
tion is well exposed naturally (Figures 8 and 9), but owing to the 
ruggedness of the country, only parts of the section were studied in 
detail. Although most of the formations, in general, are rather well-
incfo·idualized units, the precise horizons for the division planes that 
separate them are often matters for arbitrary decision. There is a 
fairly wid e Jithologic variation from place to place and only the most 
distinctive features of each stratigraphic unit are presented in the 
foll owing table. The rocks have nearly all been metamorphosed to 
some degree and in the absence of diagnostic paleontologic evidence 
the age of all formations is open to question. 'l'entative assignment to 
the LmYer Paleozoic has been made largely on lithologic grounds. 
Th e Surprise formation is separated from the Telescope group 
of rocks by a non conformity. Though the structure could not be 
cletcrmincd in either the Marvel dolomitic limestone or the Surprise 
formati on, th e rocks of the Telescope group are undeformed and have 
an easterl y clip of from 10° to 30°. Some of the rocks are now entirely 
rcer>·st11Uizec1, neverth eless the change has not greatly obscured their 
orig·inal structure, lamination, and r elations. The strike and dip of the 
schistose cleavage always coincides with the bed ding phmes. 
Table of the Telescope Group of Rocks 
8. Ilanaupah formation. 
Thickness 
in feet 
Predominantly fine-textured slaty or flaggy rocks, 
generally with an irregular lumpy fracture. Quartz-
biotite schist with irregular str eaks of sericite, finely 
bnnclecl with gray, green, or chocolate-brown, thin , len-
ticular, and generally corrugated stripes; regularl~­
banded, micaceous schist with megascopic tourmaline and 
ma gnetite, and characterized b~r small oval dark-green 
spots; flaggy rock in which epidotized stripes alternate 
with finer ones of light-colored al'cnaceous and calcareous 
material; and a few beds of white to pink quartzite. ___ _ 
7. Redlands dolomitic limestone. 
·white, crystalline, cherty dolomitic limestone in 
which beddin g is not readily recognized. Probabl~r occurs 
1500 ± 
as a lenticular body.________________________________ 600 ± 
G. Radcli ff formation. 
Chiefl y flaggy, corrugated, impure, arenaceous lime-
stone, gray wh ere fresh, reddish-brown where weathered, 
intercn lated with a dark-gray thinly banded lime-silicate 
rock contnining muscovite, biotite, diopside, epidote, zoi-
site, vesuvianite, and abundant pyrrhotite; also gray and 
white sandston es ; gray and white mottled crystalline 
limestones; and finely striped gray and green slate and 
p hyll ite. _ _ _ _ _ _ _ _ _ ___ _ ___ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ __ __ _ 600 ± 
.J. Sen tinel dolomite. 
·white, slightly arenaceous bed of dolomite, charac-
terized by irregulnr patches or segregations of coarsely 
cr~·stnlline carbonates or more r arely c11ert. ____________ 100 
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Thickness 
4. Wildrose formation. inf eet 
Largely conglomerate quartzite with widely scat-
tered elongated pebbles up to 4 inches in diameter of 
quartzite, granite, and granite gneiss in a dark-gray to 
black matrix of round to angular quartz grains, com-
pletely cemented by complex metamorphic aggregates; 
also finely banded, brown to gray biotite schist and some 
crystalline limestone.________________________________ 500 ± 
3. Mountain Girl conglomerate-quartzite. 
Apparently a persistent formation consisting of 10-
25 feet of reddish-brown conglomerate with well-rounded 
pebbles up to 14 inches in diameter of quartzite and 
rarely of limestone, grading into a rather massive rock 
containing allothigenous quartz grains in a cementing 
medium of sericite, chlorite, muscovite, biotite, and fer-
ruginous material._ _____________________________ __ . _ 65- 100 
(Disconformity ~) 
2. l\1iddle Park formation. 
Fine-textured dark-gray quartz-biotite schist, spotted 
schist, green ottrelite schist, and dark-gray impure meta-
morphosed quartzitic rocks.__________________________ 300± 
1. Sour Dough limestone. 
Cn·stalline micaceous arenaceous gray limestone, with 
alternating white and gray stripes that in some places are 
corrugated. (The oldest formation of the Telescope 
group .) --- - --- - ------------------------------- - --- 50- 60 
TotaL __________________ _____ _______________ ___ _ 3,700-1-
Dea th Vall ey Fo r m a t ion. 
Distrib1tlion ancl General Features . 
'l'he name, Death Valley formation, is given to a considerable 
number of interbedded limestones, argillites, and schists which occupy 
ihe east flank of the range. Little time could be devoted to this large 
area and the present descriptions are necessarily sketchy. If there is 
any ascertainable stratigraphic sequence, it is still unknown. Th e 
interbedding of rocks which do not vary greatly in lithologic details 
would probably seriously hamper an attempt to separate the Death 
Valley formation into mapable units. Moreover, the rocks are appar-
ently nonfossiliferous. Lithologically, th ey are not greatly unlike those 
of the Telescope group, and are in marked contrast to the more highly 
metamorphosed gneisses and schists of the Panamint metamorphic com-
plex. Jn general, these rocks are questionably referred to the Lower 
Paleozoic. 
Though there are local westerly clips, the beds as a whole have a 
general easterly clip of from 5° to 45°. 
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4. Wildrose formation. 
Largely conglomerate quartzite with widely scat-
tered elongated pebbles up to 4 inches in diameter of 
quartzite, granite, and granite gneiss in a dark-gray to 
black matrix of round to angular quartz grains, com-
pletely cemented by complex metamorphic aggregates; 
also finely banded, brown to gray biotite schist and some 
crystalline limestone. _______________________________ _ 
3. Mountain Girl conglomerate-quartzite. 
Apparently a persistent formation consisting of 10-
25 feet of reddish-brown conglomerate with well-rounded 
pebbles up to 14 inches in diameter of quartzite and 
rarely of limestone, grading into a rather massive rock 
containing allothigenous quartz grains in a cementing 
me~ium of seri?ite, chlorite, muscovite, biotite, and fer-
rugmous material. _____________________________ _ 
( Disconformity?) 
2. Middle Park formation. 
Thickness 
in feet 
500± 
65-100 
Fine-textured dark-gray quartz-biotite schist, spotted 
schist, green ottrelite schist, and dark-gray impure meta-
morphosed quartzitic rocks.__________________________ 300+ 
1. Sour Dough limestone. 
Crystalline micaceous arenaceous gray limestone, with 
alternating white and gray stripes that in some places are 
corrugated. (The oldest formation of the Telescope 
group.) ------------------------------------------- 50-60 
Total __________________________________________ _ 
3,700+ 
Death Valley Formation. 
Distribution and General Features. 
The name, Death Valley formation, is given to a considerable 
number of interbedded limestones, argillites, and schists which occupy 
the east flank of the range. Little time could be devoted to this large 
area and the present descriptions are necessarily sketchy. If there is 
any ascertainable stratigraphic sequence, it is still unknown. The 
interbedding of rocks which do not vary greatly in lithologic details 
would probably seriously hamper an attempt to separate the Death 
Valley formation into mapable units. Moreover, the rocks are appar-
ently nonfossiliferous. Lithologically, they are not greatly unlike those 
of the Telescope group, and are in marked contrast to the more highly 
metamorphosed gneisses and schists of the Panamint metamorphic com-
plex. In general, these rocks are questionably referred to the Lower Paleozoic. 
Though there are local westerly dips, the beds as a whole have a 
general easterly dip of from 5° to 45°. 
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Calcareous Rocks. 
The great bulk of the formation consists of generally thin-bedded 
calcareous rocks which may either be called impure siliceous limestones 
or calcareous argillites. Some rather pure crystalline limestones also 
occur and rather heavy-bedded varieties are not uncommon. The 
colors represented are white, gray, brown, and intermediate hues. 
Though some limestones are striped with fine bands, generally brown in 
color; others are spotted with small flakes of muscovite or blotched by 
ferritic material. One limestone is characterized by irregular patches 
or segregations of coarsely crystalline carbonates, another by siliceous 
laminations which parallel the bedding. Though the bedding and 
banding are generally regular, they are corrugated in many places. 
Argillaceous and Arenaceous Rocks. 
In general, the limestones are intercalated with rocks which may 
variously be called argillites, slates or shales. They are generally thin-
bedded or striped slaty rocks, gray to brown or green in color, and 
either with or without distinct slaty cleavage or shaly fracture. The. 
banding may be either regular or corrugated. Ordinarily no minerals 
are visible to the naked eye b.ut in certain types biotite, sericite, musco-
vite, magnetite, pyrite, and quartz can be identified. 
One distinctive rock is characterized by narrow, lenticular, and 
generally corrugated light-colored stripes, which alternate with wider 
layers of dark-green or chocolate-brown color. In places such stripe!! 
give a moire effect to a weathered surface of a flag. 
Other typical members of the series include obscurely banded 
sericitic phyllites or schists of brownish-gray color and impure brown-
ish weathered quartzite. Locally the formation is cut by diabase dikes 
and sills. 
Post· Paleozoic Igneous Rocks. 
Little Chief Porphyry (granite porphyry). 
The stock of granite porphyry which forms the crest of the range 
near the head of Surprise Canyon (Figure 8) is intrusive into the 
Telescope group and may possibly be bounded in part by faults. It is 
a massive, medium-grained pink rock whose megascopic constituents are 
orthoclase, plagioclase, and quartz, speckled with small black prisms of 
hornblende. Under the microscope the essential minerals, named in 
order of apparent abundance, are orthoclase, microcline-perthite, quartz, 
albite-oligoclase, hornblende, and biotite. The texture is porphyritic 
with relatively large phenocrysts of microcline-perthite and orthoclase 
in a microgranitic groundmass. The pale-green, almost colorless horn-
blende, occurring in comparatively small idiomorphic crystals, is char-
acterized by streaks of brown that have probably resulted from leaching. 
Apatite, magnetite, titanite, and muscovite are accessory minerals. 
Dikes. 
Hornblende diorite porphyry dikes cut the Marvel dolomitic lime-
stone, Surprise formation, and the rocks of the Telescope group. 
Therefore the dikes were intruded subsequent to the folding of these 
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l·'tc. JO. P a nnn1int Vall ey faul t ~carp , sh o wing r en1nants o f al\u,·i a l fan s c1 0 po~d lecl befor e the n1or e r ecent faultin g took place. Vi e'v from a 
p o in t se ,·eral n1 i l es ~Oul h of H a l la r at. 
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older seclimentm·~' formations. The dikes arc rather inconspicuous, 
ranging in 1ridth from 2 to 15 feet 1rith an ayeragc of about 5 feet. 
Tl1e,\· Jiaye a genera l strike of from north-south to nortlrn·est-sonth east 
<1nd dip from 70° to vertical. 1\Ian~· of them are continuous for a 
d ista 11 cc of n eal'ly a mile. The color of the freshh· fractured rock is 
olin-g recn . Pri~ms of hornblende, wh er e l)resrnt,· represent the only 
111i1w1·<1 l Yisi ble to the na keel eye. Its cl ecomposed character pre\·ents 
its bring ch1ssifiecl satisfactoril,\'. 'l'he groundmass is holocrystalline 
cmd ermsists essentially of hornbl ende and plagioclasc. 'l'he prcYailing 
g'l'('C'11 eolor of the rock has resulted from the epiclotization of the fc lcl -
~pa 1'. Augite is present in some sections. Clinozoisitc, biotite, chloritc. 
;ind intrrstitial quartz <ll'<' seeornlar~· minerals. 
FAUL TING 
:Hore than one period of faulting was involved in the proclnetion 
of 11H• west rscarpment of the range, and the more recent moYemcnts 
are 1·rcorclcr1 by scnrps in the fresh allm·ial fans and talus patches at 
t lH' base of th0 cli ff. 'J'l1c rocks 1d1ich form the lower part of the 
r•sca1·p 111rnt are eye1·~·wherc tremenclousl ~- shear ed ancl breceiatecl. 
~[orr•ow1'. th(' tilting· of 1"11 0 Panarnint block to1rarc1 the east is particu-
lm·I.\ · 11·ell sho\rn in the east-slant ing T~o1rer Pnlcozoic rocks 1rhieh form 
the high er parts of t l1e rang0. l\Ian~· interesting features in connec-
tion 11·ith this faulting hm·e previous]~- been recorded by Noble 11 and 
Da\·is. '" The subject 11·a s not stmli0d in detail by the author and onl y 
<1 fr•\1· s ignifi cant features of the complex structural histor~- of the range 
\1·ill b<' rne111 ionrd. Its 1\·rstern ftank is here unusually steep and 
rugg·crl. anrl the escarpment of the range displays a remarkable clcvelop-
m0nt of tria11gu lnr fac0ts, so i·ec0ntly formed that new tn lus cones 
nrp just ap1wal'ing nlong tli0 base of the precipitous slope. In this con-
nection it is in tert>sting to note that, although Hall Canyon .is 8 miles 
Jong·. it has <l wry insig·nificant fan _1\·hi ch is no larger than the fans 
of rncmy mer(' gashes. Consequentl:-, one has some difficult~· in a clriY<' 
along· 1 he base of the range in locating this, a mnjor canyon of the 
range'. OtllE'r similar examples of canyons south of Ballarat arc at once 
bro11 .! ..d1t to the attention of a pnssing obse1Te1· C:B'igm·0 10) . 
'l'lrns, while many of the large pre-faulting fans have been com-
pletely buried under post-faulting alluvium, a mile or more north or 
sout h along· the esearpnwnt th ese olcl fans haYe not been entirel~· 
rlrpressed. 'J'he b rst example of this is in thr large fan at t he moutl1s 
of 'l'n bcr nncl ·wild rose Cnnyons. II ere recent fan !ting hns prod nccrl 
a la1·g·1· and well -rlefin ecl trench whi ch runs across the fan near its 
apex (Fignrcs J 1 and 1:2 ) . The feature is undoubtedly a grabcn. 
although in keeping 11·ith the structural history of the range, ma,\· l1aw 
had a complex histor:·. H01revcr , the most ontsta11ding feature is t he 
abrnpt trnneation of prcfaulting fang;lornernte just south of Bnllan1t 
11·l1 ir·h has gi \·en tl1c d0posit a peculiar nlE'sa-like appearance. Tts flat-
toppP<l snrfncr rises ncnrly 500 feet aborn thr valley floor. It sec•ms 
proper to l'<'ganl it as a 1·cmmmt of tli 0 fan from PIC'asant Canyon that 
11 :\"able, L. l' .. The San Andrea s Rift a nd Some Other Ac ti\·e F au lts in the 
Des(' l' l He~don of Southeastern California . Ca rneg ie ln st. \Yash. Y ea rbook , no. 25, 
pp. ·1:! 5- 42 8, 1!12G- 192G. 
1 :! DaYis, \\r. 1\ f. , Th e Rifts of South ern Ca1ifornin. A1nc r. Jour. Sc i. , 5th Ser., 
YOl. l :}, pp. 57-7 2, 1D 27. 
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has been cut off by an oblique fault which probably runs in a south-
\resterly direction from near the present mouth of Happy Canyon. 
In the enormous thickness of fanglomerate, of such remnants of 
prefaulting fans as ex ist, clips up to 45° eith er " ·est or east are not 
uncommon. MoreoYer, unconformities in fan material have been noted 
in several places. 
The r emarkably steep front frequently persists to the very base of 
the cliffs and in places the playa-flat, occupying the deepest part of 
Panamint Valley, lies directly against th e esca rpment. As has already 
been suggested, the range is not bounded by one continuous fault, and 
as Noble has pointed out 
"* • • r ather, a succession of faults, each of which is offset from the other 
along· th e str ike . Conseq uently their escarpnient.s [ of both th e J •anamint 
·valley and D ea th "Valley Faults] ha Ye a rouglily zig-zag· pa ltern and a re 
indented by great concave bights or cu sps where the offsets occur. At some 
FIG. 11. Vi ew looking north along fault-trench , from a point on th e western 0sca rp-
m ent about four miles south of Wildrose Canyon. 'l'he trenc h i s nenrly a 
n1ile wide and four n1iles long anll is co1nposed of oltl Quaternary alluYial 
d eposits. It crosses the prefau lting alluvial fans of \Vilclrnse and Tuber 
Canyons near th eir apices. 
plaecs the bights n1a1·k cross-faults; at others they appear to repres< 1nt arf'as 
oC great and sudden <lownwarp. At n1any places th e faults ex hibit enor m ous 
changes in a n1ount of throw in distances of a few n1il es.'' n 
'l'he escarpment reachrs a probable maximum of -W0 as rneasurec1 on 
the nose 6 miles north of Ballarat , in the Yicinity of the Indian Ranch. 
All the faults which bound the range, wh erever the \\Titer has seen 
them, are normal and clip west at angles ranging from 60° to 90°. No 
cviclence was obtained to support the view that the apprnximatcly :35 ° 
slant of the rock-faces may approach that of the clissectecl fault-11lanr. 
Faulting, with the exception of th e recent bord er faulting· on the 
west front of the range, is probably not an outstanding feature of tlw 
''Op. c-it., p. 427. 
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structure of the area as a whole. Although minor faults of small dis-
placement are numerous, the writer did not consider it practical to 
represent them on the map (Plate IV ) . l\Iost of the faults are normal 
an cl have a prcva i I ing northerly trend. 
CONCLUSIONS 
Th e essential geologic features of this part of the Panamint Range 
ha Ye been set forth in some detail in the body of the paper and sum-
marize<l in the abstract . Although this reconnaissance study has failed 
to disclose anyth in g of very unusual or str iking significance, certain 
fratn res have come to light whi ch have particular interest because ot 
the ir r elation to broader geologic problems. 
'l'he region is characterized by extr eme topographic contrasts and 
by many ~ · outhful physiographic features. Attention has been called 
to the preservation of an old erosion surface in this part of the Pana-
mint Range, whi ch is undoubtedly a counterpart of simil ar topographic 
forms that have been preserved in othet' Basin Ranges. 'l'he Panamint 
Ran ge is a parti cularly good exampl e of fault-block strnctnre inasmuch 
as the mountain-making movements have continued into such recent 
times that the offsets produced in the faulting are plainly evident in 
the present topograph:v. They are normal faults ancl clip "\vest at 
angles ranging from 60° to 90°. l\Ioreover, th e north-south structures 
which characterize that part of the Great Basin lying north of the 
Garlock fault is well shown in the Panamint Range. 
lt has not yet been possibl e to correlate any of the rock formations 
in th is part of the Panamint Range with knom1 sections in th e general 
reg·ion. It has been necessary, th erefore , to apply local geographic 
names to the formations herein described. Th e older rocks are greatly 
sheared and the highly crumpled condition of certain rock masses has 
macl e it impracticable to recognize any r egular stratigraphic sequence. 
This is due, in part at least, to the fact that several schist and lime-
stonp bodi es occur in great lenses. It is impossible to retrace all of t he 
changes through which these rocks have passed or determine each step 
in the probable complex history of their metamorphism. 'l'he dominant 
process seems to have been regional in character and very little contact 
metamorphic effects have been noted. In a large measure also, the 
folding is attributed to the forces attending- r egional metamorphism. 
In general the aplitic rocks show little deformation. The older rocks 
on th e west slope commonly show a westward dip of the fol iation. 
\rhereas the younger formations, forming th e cr est of the range and the 
Death Vall ey side, in general dip gently eastward . Although diligent 
search has been made, no definit ely determinable fossils have been 
found and consequently the tentative assignment to the Lo,1·er Paleozoic 
is based wholly on lithologic considerations. 
0 
MT.WHITNEY 
FIG. 12. Northwesterly view from the summit of Telescope Peak, showing the well -d e fi ned t rench or g rab e n, gashed acr oss 
a great fan ot the mouth of Wildrose Canyon. In the distance, across Panamfnt Valley, Is the Arg-us Range. To 
t.h.,. v-\uht nt"Hl h<"ynn'1 n.rn t.h<> lnyn Mountn.\na n.nd th<> ~no""•' •Cn. pJ">Cd Sierra. NevAda.. 
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-· -~ ~J au uuuque rault which probably runs in a south. 
westerly direction from near the present mouth of Happy Canyon. 
In the enormous thickness of fanglomerate, of such remnants of 
prefaulting fans as exist, dips up to 45° either west or east are not 
uncommon. Moreover, unconformities in fan material have been noted in several places. 
The remarkably steep front frequently persists to the very base of 
the cliffs and in places the playa-flat, occupying the deepest part of 
Panamint Valley, lies directly against the escarpment. .As has already 
been suggested, the range is not bounded by one continuous fault, and 
as Noble has pointed out 
"• • • rather, a succession of faults, each of which is offset from the other 
along the strike. Consequently the ir escarpments [of both the Panamint 
Valley and Death Valley Faults] have a roughly zig-zag pattern and are 
indented by great concave bights or cusps where the offsets occur. At some 
FIG. 11. View looking north along fault-tren ch, from a point on the western escarp-
ment about four miles south of Wilclrose Canyon. The trench is nearly a 
mile wide and four miles long and is composed of old Quaternary alluvial 
deposits. It crosses the prefaulting alluvial fans of Wildrose and Tuber Canyons near their apices. 
places the bights mark cross-faults; at others they appear to represent areas 
of great ancl sudden downwarp. At many places the faults exhibit enormous 
changes in amount of throw in distances of a few miles." 1• 
The escarpment reaches a probable max; .. ium of 40° as measured on 
the nose 6 miles north of Ballarat, in l.~1e vicinity of the Indian Ranch. 
All the faults which bound the range, wherever the writer has seen 
them, are normal and dip west at angles ranging from 60° to 90°. No 
evidence was obtained to support the view that the approximately 35° 
slant of the rock-faces may approach that of the dissected fault-plane. 
Faulting, with the exception of the recent border faulting on the 
west front of _ the range, is probably not an outstanding feature of th" 
1a Op. cit., p. 427. 
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